Lat'agna, Reggio Ernilia an mid Mestre, Italy Objectives, The purpose of this study was to evaluate the role of autonomic reflexes in the genesis of syncope associated with the onset of paroxysmal atrial fibrillation .
of atrial fibrillation in the upright position eligited syncope In 16 (42%) of 38 patients but in none of 16 control subjects (p = 0 .001).
At The beginning of atrial fibrillation, systolic blood pressure was lower in patients than in control subjects (88 t 32 vs . 127 t 32 aim Hg), whereas mean heart rate was similar (142 t 35 vs .
134 t 25 beats/mint) . The correlation between heart rate and systolic blood pressure was weak (r = 0 .35), and In five patients syncope occurred at a heart rate !5130 beats/min. At the time of syncope, heart rate decreased (-12 t 21 beats/min) in patients with induced syncope, whereas it remained unchanged in patients without indu'. -. 4 ,scope (+1 ± 17 beats/min, p = 0.04) or slightly increased in control subjects (+9 t 21 beats/min, p = 0 .009).
Conclusions . Patients with syncope associated with paroxysmal atrial fibrillation are predisposed to an abnormal neural response during both sinus rhythm and arrhythmia . In some patients the onset at atrial fibrillation triggers vasovagal syncope .
(J Am Coll Cardiol 1993; 22 :1123-9) 1123 Nonhemodynamic mechanisms may be even more readly suspected when heart rate is not particularly high . It is well known that the onset of paroxysmal tachycardia produces a hemodynamic disturbance that evokes a compensatory cardiovascular response (2, 3) . This response, which is mediated mainly by reflex changes in autonomic nervous tone, is very often effective in restoring both blood pressure and cardiac output during tachycardia to levels similar to those existing before the onset of arrhythmia . Moreover, intense vagal stimulation can cause atrial fibrillation (4, 5) , and it has recently been suggested that atrial fibrillation may result from vagal stimulation occurring at the time of vasovagal syncope (6) . In this study we therefore evaluated the role of autonomic reflexes in the genesis of syncope associated with the onset of paroxysmal atrial fibrillation .
Methods
Selection of patients . From January 1991 to June 1992 . 40 patients affected by syncope associated with paroxysmal atrial fibrillation met the inclusion criteria and were enrolled in the study . They accounted for 6% of the overall popula-0735.1097!931$6.00 tion of 672 patients referred to us for investigation of syncope from the emergency room, inpatient service and ambulatory program.
To be included in the study, the patients had to fulfill the following criteria: 1) unexpected syncope that was immediately preceded and followed by palpitation ; 2) documentation, within 6 h of the event, of paroxysmal atrial fibrillation lasting <24 h ; 3) absence of electrocardiographic (ECO) or electrophysiologic evidence of enhanced AV conduction or accessory bypass tract ; 4) exclusion of other enuses for syncope on the basis of a standardized evaluation used in our departments that has been previously described (7) ; 5) absence of severe heart failure (New York Heart Association functional class I or II) and of recent acute illness .
The clinical characteristics of the patients are summadud in Table 1 . Syncope invariably occurred while the patient was standing or sitting, at rest or during mild activity. At the first examination after the syncopal attack, atrial fibrillation was well tolerated. No signs of cardiovascular collapse were detected, and no patient reported symptoms other than palpitation . The average heart rate was 140 ± 29 beatslmin, COW group. The control group consisted of 16 patients without syncope or presyncope who were affected by paroxysmal atria) fibrillation (Table 1) . The average heart rate during the last episode was 144 ± 22 beatslmin . They were recruited during the same period as the syncope group .
I ductIon IML Patients and control subjects underwent carotid sinus massage, head-up tilt testing in the baseline slate and during isoproterenol infusion and electrophysiologic study, including the induction of atrial fibrillation in the upright position . The tests were always performed in an isolated tow (when patieais were in the nonfasting state) "3-1123-9 between 8 :00 AM and 1 :00 PM . All cardioactive and vasoactive drugs were withdrawn . Informed consent was obtained from all participants . The method of execution of carotid sinus massage and the head-up tilt test have been previously described and validated (7) (8) (9) .
Carotid sinus massage was performed on both right and left carotid sinuses in the supine and erect positions for 10 s . Vasodepressor reflex was evaluated after atropine infusion when indicated. A positive response was defined as the development of syncope in association with bradycardia or hypotension, or both .
The baseline head-up tilt test protocol consisted of a 60°t ilt for 60 min or until the occurrence of syncope . If the test did not induce syncope, the patient or control subject was lowered into the supine position for 30 min before undergoing the test during isoproterenol infusion .
Head-up tilt testing during isoproterenol infusion consisted of a 60° tilt for 10 min repeated in successive stages (at 5-min intervals) with use of graded isoproterenol infusion rates of I to 5 pg/min .
The upright induction of atria) fibrillation was attempted on a tilt table at 60° immediately after the upright position had been achieved for a maximum of 3 min . Short-duration (<5 s) atrial bursts at rates ranging from 300 to 800 beats/min were delivered until atria) fibrillation L-30 s in duration was induced . The duration of tilt before initiation of atrial fibrillation was 64 ± 47 s . When atrial fibrillation was induced, the patient was maintained in the upright position for 2 min . If syncope occurred, the patient was rapidly returned to the supine position . Ducting induction procedures, beat to beat finger arterial pressure was monitored continuously by the Penile: volume-clamp method (10) using a finger cuff (Ohmeda Monitoring System) . The arm was supported with a mobile arm plate to keep the finger at heart level in the upright position. Blood pressure was recorded simultaneously with the ECG on a paper recorder. For each patient, mean heart rate and systolic pressure were calculated for the initial 30 s from the onset of atrial fibrillation or until the occurrence of syncope. Changes in mean finger arterial pressure, as measured by the Finapres technique, have been shown to match closely changes in arterial pressure measured by invasive techniques during syncope induced by passive tilt testing or during induced tachycardia (11,12) .
The upright position was chosen for the induction of atrial fibrillation for two reasons: 1) because spontaneous syncope always occurred in the sitting or standing position, and 2) because previous studies have demonstrated that syncope due to tachyarrhythmia is more likely to be reproduced during electrophysiologic study in the upright rather than the supine position (13, 14) .
Statistical analysis. Continuous variables were compared using analysis of variance for paired and unpaired data . Frequencies were compared by means of the Fisher exact test. The relation between heart rate and blood pressure was examined by the Pearson correlation coefficient . Continuous variables were reported as mean value ± I SD . 
Results
The clinical characteristics of the patients and control subjects were similar, except for the presence or absence of syncope (Table 1) .
Carotid sinus massage and head-up tilt testing . The results of the provocative tests are listed in Table 2 . Positive responses to carotid sinus massage or head-up tilt testing were recorded in 31 (77%) of 40 patients but only in 2 (12%) of 16 control subjects (p = 0.00005) . A vasodepressor reflex >50 mm Hg was present in all positive test results . During carotid sinus massage, a cardioinhibitory reflex (defined as ?3-s ventricular asystole) was present in 14 of 15 positive tests, and during head-up tilt testing, a cardioinhibitory reflex (defined as a decrease in heart rate to <40 beatslmin) was also present in 7 of 17 positive test results . Syncope was induced in 24 ± 17 min during baseline tilt testing and in 22 10 min during isoproterenol tilt testing . Reproducible, shortduration atrial fibrillation occurred in one patient during carotid sinus massage .
Upright electrophysiologic study. Atrial fibrillation lasting >30 s was induced in 38 of 40 patients with syncope and in 16 of 16 control subjects . The onset of atrial fibrillation caused syncope in 16 study group patients (42%) but in no control subjects . Syncope occurred in all subjects within 30 s after the end of burst pacing (mean time 22 ± 7 s) . Mean systolic blood pressure was lower in patients than in control subjects . By contrast, mean heart rate and heart rate distribution were similar in the two groups ( Table 2) .
The 16 patients with induced syncope had lower values of systolic blood pressure and higher values of heart rate than the remaining 22 patients who remained asymptomatic and the control subjects (Table 3 , Fig . 1) . However, the corre-BRIGNOLE ET AL . SYNCOPE AT THE ONSET OF ATRIAL FIBRILLATION *Two of 40 patients refused to undergo baseline head-up tilt testing, and 4 of 21 patients with a negative baseline head-up tilt test response refused to undergo isoproterenol head-up tilt testing. All or these patients had had a positive response to carotid sinus massage . ')Mean heart ride and systolic blood pressure are calculated for the iuiliai 30s front the onset of airial fibrillation or until the occurrence of syncope . Values presented are mean value t SI) or number I%) of subjects. A F = atrial fibrillation ; HR = heart rate .
lations between heart rate and sy,,tolic blood pressure and between heart rate and syncope were weak (Fig . 2) . Indeed, syncope also occurred in some patients with a low heart rate ( Table 3) .
Heart rate was evaluated in study group patients with and without induction of syncope and in control subjects (Table  4 , Fig . 1 ) . Discordant features are evident . In fact, heart rate decreased in patients with induced syncope, remained unchanged in patients without induced syncope and increased in control subjects .
Positive responses to carotid sinus massage or head-up up tilt testing were recorded in 14 (87%) of 16 patients in the subgroup with induced syncope and in 15 (68%) of 22 patients in the subgroup without induced syncope (difference statistically not significant, p = 0 .15).
Discussion
In a selected inpatient population, paroxysmal atrial fibrillation associated with syncope is probably not as rare as expected . Indeed, we observed this feature in 6% of patients referred for syncope . The frequency would presumably be even higher if we took into account those cases in which atrial fibrillation disappeared before it could be demonstrated . Admittedly, at the time of syncope, heart rhythm was not monitored . Therefore it is possible, although unlikely, that in some instances atrial fibrillation began not with syncope but a short time before or after the attack .
Principal findings . Our results demonstrate that in the absence of enhanced AV conduction or an AV bypass tract, syncope at the onset of paroxysmal atrial fibrillation is associated with a propensity toward a disturbance of the autonomic nervous system, and it is not directly related to tachyarrhythmia . Indeed, syncope was induced by either carotid sinus massage or head-up tilt testing in the majority of our patients, whereas it was rarely observed in control subjects affected by paroxysmal atrial fibrillation without syncope (Table 2 ) . This association suggests that patients with paroxysmal atria) fibrillation presenting with syncope may be predisposed to an abnormal neurally mediated response during both sinus rhythm and tachycardia. If an abnormal neural susceptibility is absent, as in the control subjects, atria) fibrillation is invariably unable to cause syncope .
The diagnostic value of carotid sinus massage and head-up tilt testing in patients affected by unexplained syncope is well known . The tests are highly sensitive, and the rate of false positive results is low (7-9). The overall 77% rate of positive responses to the tests in our present patients with paroxysmal atrial fibrillation and syncope was surprisingly similar to the 71% rate observed by our group in patients with unexplained syncope studied with a similar protocol (7) . Moreover, the 12% rate of false positive responses observed in our present control subjects was similar to the 8% rate previously observed in healthy subjects (7) .
Leitch et al . (11) found similar results in patients affected by supraventricular tachycardia. In their study, tilt testing during sinus rhythm elicited syncope in 6 of 7 patients with tachycardia-induced syncope (during upright electrophysiologic study) compared with only 4 of 15 patients without tachy± a-induced syncope . They found no differenc+, in the tachycardia cycle length between the two groups ; of patients, They therefore concluded that syncope during supraventricular tachycardia is related to vasomotor factors and does not predict a more rapid tachycardia rate . These data support the results of a previous retrospective study that failed to find an association between syncope and Mimed atria) fibrillation cycle :ength (1) .
The a., heart rate of Lhe present syncope group was *Mean heart rate and systolic blood pressure are calculated as in ' also not particularly high or different from that observed in control subjects . Admittedly, in those patients with atrial fibrillation-induced syncope, the average heart rate was significantly higher. Nevertheless, the correlation between heart rate and systolic blood pressure or syncope was weak, and, in some cases, syncope occurred at heart rates that were so low that syncope clearly could not be explained on a hemodynamic basis alone (Table 3 , Fig . 2 ). It therefore seems likely that the hemodynamic consequences of the onset of atrial fibrillation contribute to the initiation of an abnormal neural response and that some correlation exists between the magnitude of the initial hemodynamic changes and the magnitude of the subsequent reflex responses . Proposed pathophysiologic classification . On the basis of electrophysiologic study results, two different pathophysiologic patterns of paroxysmal atria) fibrillation associated with syncope can be proposed . L Abnormal neural regulation triggered by the onset of atrial fibrillation . This mechanism was observed during upright electrophysiologic study in 42% of patients . In these patients, the hemodynamic consequences of the onset of atrial fibrillation probably triggered a vasovagal reflex or unbalanced the compensatory cardiovascular responses .
Vasovagal bradycardia-hypotension reflex has been postulated to occur because of inappropriate stimulation of left ventricular stretch receptors as a result of hypovolemia and vigorous ventricular contraction (8, 9 ). An increase in sympathetic tone may precipitate this reflex and is the theoretic justification for the use of isoproterenol infusion during passive tilt testing (9) . The onset of atrial fibrillation reduces left ventricular filling through loss of atrial contraction, abbreviation of the diastolic filling time and irregularity of cycle length, resulting in a sudden decrease in cardiac output (3, 15) . An increase in sympathetic tone occurs at the onset of tachyarrhythmia (2, 16) . These changes may be magnified when atrial fibrillation occurs in the upright position, which in itself reduces left ventricular volume and increases sym- Thereafter, it increases without changes in heart rate . C, Induction of asymptomatic atrial fibrillation in a control subject . After atrial fibrillation is induced, blood pressure changes are smaller than in A and B ; a slight increase in heart rate is observed . bpm = beats per minute .
pathetic tone (13, 17) . Consequently, there may be activation of cardiac mechanoceptors during atrial fibrillation as a result of diminished ventricular volume and vigorous ventricular contraction. Similar mechanisms have been postulated for head-up tilt-induced syncope (8, 9) . In the present study, 11 (73%) of 15 patients who had syncope induced by the onset of atrial fibrillation also had a positive response to either baseline or isoproterenol head-up tilt testing (Table 3) . The tendency toward a decrease in heart rate at the time of syncope during indua :-ed atrial fibrillation (Table 4 , Fig. IA ) also suggests a vagal influence and a diminished sympathetic tone . Moreover, a reflex mechanism is suggested by the relatively prolonged time to syncope (mean time 22 s after the onset of the arrhythmia) . A delayed occurrence of syncope was also observed in four of seven patients in the study of Leitch et al . (11) .
The association between carotid sinus hypersensitivity and atrial fibrillation-induced syncope is more difficult to explain, although it has previously been observed by our group (14) . This association probably means that there is a common autonomic nervous system disease or related etiologies . The association of positive responses to carotid sinus massage and head-up tilt testing has been previously reported both in patients affected by unexplained syncope (7) and in patients affected by sick sinus syndrome (18) . Carotid sinus reflex can be abnormally increased during atrial fibrillation but not during sinus rhythm (19) . It is likely that the mechanism of central neural summation is involved in causing abnormal reflexes (20) . An alternative mechanism for the induction of syncope by atrial fibrillation is a diminished or delayed activation of the compensatory cardiovascular response to initial hemodynamtc disturbances caused by the onset of atrial fibrillation . Experimental animal studies of selective sympathetic denervation have demonstrated that both alpha-and betaadrenergic blockade cause increased persistence of tachy- Systolic blood pressure (mmHg)
ii gore 2. Scattcrplots of systolic blood pressure and heart rate in induced atrial fibrillation. Mail .,tuares show patients with syncope associated with induced atrial fibrillation ; open equarea show patients without syncope . The correlation between blood pressure and heart rate is weak (r -0 .33), with a particularly wide dispersion of heart rate values in patients with syncope . bpm = beats per minute.
cardia-induced hypotension (16) . It is well known that elderly people and patients with heart failure show an impairment of beroref ex-mediated vasoconstrictor re . sponses to the unloading of baroreceptors by orthostatic stress (21-23) and a decreased responsiveness to endogenous catecholamines (24) . The mean age of our patients with atrial fibrillation was 60 years and mild structural heart disease was present in 6 of patients, 2 . Atrial fbr1llation as a consequence of a neurally mediated syncope . This possible mechanism may be indirectly supposed in those patients (58% of total) in whom, during the electrophysiologic study, the induction of atrial fibrillation was unable to cause syncope . That these patients also had a high neurogenic susceptibility is suggested by the high rate 0%) of positive responses to vasovagal maneuvers . Yet atrial fibrillation was not able to trigger a reflex response of sufficient magnitude to cause syncope. The lower average value of the heart rate during induced atrial October 1993 :1123--9 fibrillation could be partly responsible for the less severe neural response observed in these patients .
It is well known that intense vagal stimulation can cause paroxysmal atrial fibrillation (4,5) . It is not infrequent during head-up tilt testing or carotid sinus massage to observe "idiopathic" atrial fibrillation at the time of reflex syncope (6, 25) . We also observed one such case in the present study . Vagal stimulation shortens atrial refractoriness (6) ; atrial fibrillation may result from vagal stimulation because changes in atrial refractoriness are not distributed uniformly throughout the atria (26) .
Clinical implications . This study demonstrates the usefulness of upright electrophysiologic study in association with vasovagal maneuvers as a diagnostic tool and as a guide for therapy in patients with syncope associated with paroxysmal atrial fibrillation . Indeed, this study may have therapeutic implications, Treatment should be aimed at preventing the recurrence of either atrial fibrillation or abnormal neurogenic reflexes . The administration of antiarrhythmic drugs seems to be justified only when, during upright electrophysiologic study, syncope is shown to be the consequence of the induction of atrial fibrillation . Conversely, when atria] fibrillation is secondary to syncope, measure that will prevent the vasovagal reaction may be preferable . However, the utility of such an approach should be investigated further in prospective clinical studies. 
